INTRODUCTION
The intrasplenie ovarian graft in the mouse becomes, within 8-12 months, a well-defined tumor, as shown by Li and Gardner (16) anti Furth a.nd Sobel (10) , in accordance with the pioneering work of Biskind in the rat (4) . This tumor growth 1 This investigation was supported by the Faculty of Medicine, University of Chile (Grant 59-31) and the Rockefeller Foundation (Grant 60038) under a joint program.
Received April 14, 1967; accepted September 29, 1967. in mice can be inhibited by the continuous administration of estradiol or testosterone (15) , as well as with gonadotropie antiserum treatment (9) . These facts indicate that. a close correlation exists between the host pituitary gonadotropie hormones and the intrasplenic growth of the ovary (11) . According to Guthrie (13) , after 16 weeks of grafting the last stage of tumorigenesis appears in mice. At this time areas of "tubular a denoma" and "follicular-type granulosa cell" tumors, according to the classification of Gardner (12) , ca.n be observed. The intrasplenic owman graft, obtained before the morphologic evidence of tumor growth becomes a suitable tool for the study of biochemical patterns of a tissue in the preneoplastie stage. These findings, then, can be readily compared with biochemical patterns in the normal ovary and primary ovarian tumors developed after many months of grafting. In the present paper evidence is presented which indicates that, in the preneoplastic 60-day-old ovarian graft., aerobic glyeolysis, oxygen uptake, and electron transport aetivit.y are altered when compared to the normal ovary and the primary ovarian tumors.
MATERIALS AND METHODS
Animals and Operative Procedures. Inbred female mice of the C57BL/10 strain from our colony were used throughout this investigation. Ovariectomy was performed in the 2-monthold animals by the dorsal route. One ovary was dissected from the surrounding tissue and sliced in two; it was then introduced into a. pocket previously made by the hilar surface of the exteriorized spleen. The animals were maintained in plastic cages 'rod fed a pelleted food from a local mill supplemented with carrots. At the end of 60 days the animals were killed by cervical dislocation, and the grafted ovary was recovered by a fast and careful dissection of all the macroseopieally visible spleen parenchyma. The nondeveloped and grossly cystic grafts were discarded. For each experiment, not less than 8 welldeveloped grafts were utilized. The grafts, in ice-cold 0.15 5~ KCI, were weighed and homogenized in an all-glass PotterElvejhem tissue homogenizer, and diluted with about 6 volumes of 0.15 M KC1 per gm fresh weight.
Ovaries from 4-to 6-month-old intact virgin females of the same stock were used as controls. These in situ ovaries were pooled and processed in the same manner as above. Ovarian tumors that developed in the same mouse strain after 12-13 months of ovarian intrasplenic grafts were also utilized; a piece of the tumor was processed in the same manner. Spleens from intact female mice were also processed as above.
Histologic Studies. Animals bearing intrasplenic grafts were killed at 60, 120, and 180 days following grafting, and the entire spleen was fixed in formalin and processed in the routine way for histologic studies. Fragments of ovarian tumors were also processed in the same manner.
Incubations. Incubations of the homogenized tissue were carried out in single side-arm, 5-ml Warburg flask. The incubation medium was patterned after that developed by Reif et al. (21) , and contained, in a final volume of 0.85 ml, the following: 2.0 prnoles ATP, 1.2 p.rnolcs NAD, 2 0.005 tzrnoles cytochrome c, 15 /~moles nicotinamide, 15 /xmoles MgC12, 10 p.moles KH2PO a (pH 7.8), 10 ~moles glycylglycine buffer (pH 7.8), and 0.15 ml homogenate that contained about 25 to 30 mg of fresh tissue. The side-arm contained 4 ~moles FDP and/ or 25 /zmoles glucose. The final volume was completed with 0.15 M KC1. After 15 minutes equilibrium, the contents of the side-arm was tipped in, and incubation was continued for 60 minutes at 37~ under air as the gaseous phase. Readings were taken every 10 min. The incubation was stopped by adding 1.7 ml 10% trichloroacetic acid.
Analytical Procedures. The lactic acid determination was performed by the Barker and Summerson procedure (2); glucose was determined by the glucose-oxidase method of Sailer and Gerstenfeld (23) ; the nitrogen content in the diluted homogenate was determined by a micro Kjeldahl procedure.
Enzyme Assays. Assays for the respiratory enzymes were done at 25~ in a Beckman DU spectrophotometer with silica cells of 1 cm light path. Tissue recovered as described above was homogenized in ice-cold 0.15 ~ KC1, so that 30-50 nag of tissue were contained in a final volume of 1.0 ml. The homogenate was centrifuged for 10 minutes at 700 x g and the supernatant solution was used as the enzyme source. Essentially, the procedures of Strittmatter (25) were used. NADH oxidase activity was determined by measuring the decrease m the optical density at 340 m~ of 0.2 ~moles NADH with the addition of 0.04 /~molcs cytochrome c. NADH-cytochrome c reductase activity was followed by the increase of the optical density (at 550 m/x) of 0.12 /xmoles of oxidized cytochrome c after the addition of 0.2 ~moles NADH and 20 ~rnoles potassium cyanide. The succinate-cytochrome c reductase activity was determined in the same way as above, but substituting 10 /xmoles of sodium succinate for the NADH. NADH-ferricyanide reductase activity was determined by the decrease in absorbancy (at 340 m~) of 0.2 /xmoles NADH after the addition of 2 Abbreviations used: NADH, reduced diphosphopyridine nucleotide; NAD, diphosphopyridir~e nucleotide; FDP, fructose diphosphate.
10 /~moles potassium ferricyanide and 20 /~moles potassium cyanide, and corrected for the nonenzymatic oxidation of the NADtt. Cytochrome oxidase activity was studied by measuring the decrease of the optical density (at 550 m/~) of 0.03/xmoles of reduced cytochrome c. All the enzymatic reactions were carried out using 100 /xmoles KH2PO4 buffer, pH 7.5, and distilled water to a final volume of 3.0 ml. The reactions were initiated by the adding of 0.10 ml of the supernatant solution, diluted in 0.15 M KC1 when necessary. Optical density readings were taken at 15 or 30 second intervals, and the reactions rates were calculated from the initial linear period, usually the first 2-5 minutes. NADH oxidase activity was measured after 5 minutes of the enzyme addition. The enzymatic activities were calculated according to Strittmatter (25) , as mtanoles of electrons transported/minute/mg of supernatant nitrogen. Millimolar absorbancies of 6.22 for NADH, and 18.5 for cytochrome c were used.
Chemicals. FDP, ATP, NAD, NADH and cytochrome c were obtained from Sigma Chemical Company. Glucose oxidase was obtained from Worthington Biochemical Corporation. The oxidized cytochrome c was prepared from a fresh solution acidified to pH 3 with 1 drop of one N HC1, followed by aeration for 10 minutes and neutralization at pH 7.0 with 10% KOH (19) . The ratio O.D. 550 m~/565 m/~ was about 1.3. Reduced eytochrome c was prepared by adding 2 mg of sodium hydrosulfite to 2.0 ml of a fresh solution of the eonunercial eytochrome, followed by stirring. The ratio of the O.D. 550 m~/565 m~ was over 6. This amount of hydrosulfite does not interfere with the enzyme determined, as has also been reported by Strittmatter (25) .
RESULTS

Microscopic
Aspect of the Grafted Ovary. A detailed description of the microscopic aspect of the graft is beyond the scope of this work and a full knowledge of this matter can be obtained through the paper of Guthrie (13) . In the grafts recovered at 60 days, the enlarged ovary was composed mostly of follicles in different grades of development and numerous blood-filled cystic follicles (Fig. 1 ). Corpora lutea were usually scarce, but in some eases massive luteinization was observed ( Fig. 2) . At 120 days, u condition characteriz(~(l by the disorderly growth of the stroma cells that were proliferating into the cyst was evident (Figs. 3-5 ). Some isolated graffian follicles, but no corpora lutea, were observed. In the 180 (lays of grafts the ovarian structure was lost by the almost total absence of follicles (Fig. 6) . A noticeable grade of cell differentiat.ion was observed in all the 10 grafts examined, characterized by nodules of granulosa-like cells (Fig. 7 ) similar to those seen in the large tumors developed after 12 months of ovarian intrasplenic grafting (Fi~s. S, 9).
Oxygen Uptake. As shown in Table 1 , quite a different respiration rate was seen in the grafts compared to that of the in situ ovaries. In the in situ ovaries, the presence of both substrates, FDP and glucose, increased the oxygen consumption almost 3-fold over that shown when no substrate was added. On the contrary, a nonsignificant increase was evidenced by the grafts in the presence of FDP alone or when glucose was also added. A slight depression in the respiratory rate was induced by the glucose alone in the in situ homogenates, suggesting that a Crabtree effect was operating, whereas in the grafts no such effect was observed. It should be pointed out that, although the amount of fresh tissue added in both in situ and grafted ovaries were similar, the nitrogen was much higher in the latter case, as seen in Table 1 . Similar differences in respiratory rate can be obtained if the values given in Table 1 are calculated in terms of fresh weight. A different condition from that of the grafts was evidenced by the Oe uptake in the primary ovarian tumors (Table 1) . A clear-cut effect was observed in the presence of FDP plus glucose, although no Crabtree effect was evident as being induced in the in s~itu ovaries. It is noteworthy to emphasize that the respiratory rate in the primary tumors was under the value displayed by the normal ovaries ( Table 1) .
The spleen homogenates (Table 1) , consisting of a pool of 5 specimens for each determination, displayed a very low respiratory activity with a pattern approaching that of the primary tumors.
Lactic Acid Production and Glucose Uptake. In the graft tissue, the lactate production when FDP and glucose were present was reduced to half the value of that evidenced by the in si~u ovaries (Table 1) . On the other hand, both tissues were unable to glyeolyze in the presence of glucose alone or with added FDP, as judged by glucose consumption. The fact that in graft homogenates with FDP as the only available substrate (Table 1 ) almost the same quantity of lactic acid was formed as when glucose plus FDP was added indicates that dephosphorylative reactions compete with glucose phosphorylation, the former reactions being predominant even in the presence of a phosphate reservoir such as FDP. It should be pointed out that calculations indicate that when FDP was added alone, in no ease was the substrate exhausted at the end of the 60 min incubation period (Table 1 ). In the ease of the intrasplenic grafts above 2.0 t~moles FDP were not utilized, while for the spleen homogenates about 0.5 t~moles remained unutilized.
In contrast to this finding for the 60-day-old grafts, the ovarian tumors produced large amounts of lactic acid from FDP plus glucose and significant values from glucose alone, as seen in Table 1 . Furthermore, the tumor tissue was able to phosphorylate the free sugar, as indicated by the significant amounts of glucose utilized (Table 1) . These findings are in agreement with Ileif et at. (21) , who observed, in homogenates from transplantable rat tumors, the very active glyeolytie capacity from glucose alone, contrasted to that of normal tissues such as heart, kidney, and liver.
The fact that the grafts showed a diminished glyeolytie activity further indicates that the graft homogenates were not contaminated with tissue derived from spleen. Otherwise, due to the high glyeolytie activity of the latter (Table 1) , the above effect should not have been evident.
Growth Rate and Metabolic Activity of the Ovarian Grafts. In Table 1 , the average weight of the 60-day-old grafts listed was 22.3 rag; as explained before, the small and grossly cystic graft.s were discarded. Therefore, this value represents the average weight of well-developed grafts. It is assumed that :~bout 30% of the recovered grafts were discarded for this reason. Sometimes the number of small grafts was increased by the development of vascular connection between the spleen and the abdominal wall. This fact allowed us the means for comparing the metabolic activity of such grafts according to their size. The 20 grafts that appear in Table 2 were sorted out after visual inspection and pooled according to weight. As controls, a number of in situ ovaries were processed simultaneously. The nitrogen content of the 12-mg grafts was surprisingly low compared to the value obtained in the other grafts and the in situ ovaries. It was found that lactate production decreased with increasing graft weight ( oxygen uptake, on the contrary, was of the same magnitude as in lhe normal ovaries for the 12-mg grafts and then decreased with increased graft weight. It would appear from Table 2 ~httt the respiratory damage observed is related to the s::~zne agent that caused decreased glyeotytie activity in the 60-day-old grafts.
Respiratory Enzymatic System Activity. The enzymatic activities concerned with the electron transport in the in situ ovaries, 60-day-old intrasplenie grafts, and ovarian primary tumors are shown in Table 3 and Chart 1. The average graft weight is ahnost identical to that of the grafts studied in Table  1 . It is evident that the five enzymatic activities measured were all diminished in the graft tissue. With enzymes in which NADII was used :is electron donor, the average activity only corresponded to about 50% of that of the in situ ovaries. The sueeinate-eytoehrome c reduetase and cytochrome oxidase were reduced to 36 and 25% of the activity of the normal ovaries (Table 3 ). In the tumors the suceinate eytochrome c reduetase and eytochrome oxidase were the only enzymes whose activities were reduced, but to a smaller extent than that of the grafts (Table 3 , Chart 1). The variability of the enzymatic activities as seen in Table 3 was greater in the in situ ovaries as well as in the tunlors, whereas in the grafts the variations were only about 107o of the mean.
DISCUSSION
The microscopic aspect of the 60-day-old grafts that have been studied here (Figs. 1, 2) indicates that they fall into the first stage of ovarian tumorigenesis as described by Guthrie (13) . Most of the ovari,m structure remains intact in this stage; this appears to be due to the absence of the regressive changes which normally occur in the great majority of the follicles (13) . llegardless of nearly normal ovarian morphology of the 60-day-old grafts, the biochemical pattern differs greatly Table 3 In situ Research.
on April 13, 2017. © 1968 American Association for Cancer cancerres.aacrjournals.org Downloaded from from that of the normal ovaries (Tables 1, 3 ; Chart 1). The absence of glucose uptake was the only common characteristic between grafted and normal ovaries, in marked contrast with the glucose consumption evidenced by primary ovarian tumors ( Table 1 ). The diminished activity of the five enzymes of the respiratory chain studied (Table 3 , Chart 1) did not interfere with the growth activity of the grafts, as indicated by the increased weight of the grafts (Table 1) . Furthermore, it appears from Table 2 that the oxygen uptake decreased proportionally to the growing rate of the grafted ovary, suggesting that the energy transfer activity must be more impaired in the larger grafts. In striking contrast with the observations in the intrasplenic grafts, primary ovarian tumor tissue evidenced a higher respiratory rate (Table 1 ) and a recovery for the enzymatic electron transfer activity (Table 3 , Chart 1). These findings prompt the question of how the grafted ovary obtained the energy required for growth, since the diminished activity of the respiratory chain means decreased oxidative phosphorylation (14) .
Evidence from the work of Strittmatter (26) in the developing chick embryo and growing chicken indicates that absolute increased activity in oxidative enzyme concentration must be expected in a growing tissue. From this it can be speculated that the relatively fast-growing tissue, as in the case of grafted ovary, must be in a state of "stress" in order to keep pace with its energy requirements.
How the tumor cell recovers its enzymatic activity of the electron transfer chain remains to be investigated. It should be rec~flled that Price et al. (20) found a decreased mitochondrial content in the preneoplastic liver of rats fed with 4-dimethylaminoazobenzene (1). Whether there is a diminished number of mitochondria in the preneoplastic ovarian grafted tissue or an increased mitochondrial content in the primary ovarian tumors remains to be elucidated along with the factors involved. In this connection, adrenocorticotropic hormone plays a significant role in restoring the normal structure of mitochondria in the adrenal cortex of the hypophysectomized rat (22) . In the hypophysectomized cat, growth hormone increased the oxidative phosphorylation of hepatic cells to the normal value (24) . In grafted mice a high level of gonadotropic hormones has been detected (18) . In agreement with this evidence one may speculate that gonadotropic hormone must work in the grafted ovary in the same manner as adrenocortieotropic hormone, and growth hormone acts upon the structure and function of rat and cat mitochondria (22, 24) . Therefore, one is forced to argue that another factor, like the initial anoxia of the grafted tissue, must be playing a significant role in deteriorating the respiratory activity of the tissue. Guthrie (13) states that the grafts "were obviously vaseularized by the third day"; thus it seems logical to assume that an anoxie condition has been developing for some undetermined period of time. In the rat, Biskind and Biskind (3) described necrosis and acute signs of inflammatory response of the grafted ovary during the first 2 days, while actively growing follicles at the periphery were detected. How this transitory anoxia may interfere with the respiratory activity of the grafted tissue cannot be answered at the moment. Histochemieal loss of cytoehrome oxidase activity has been detected in the rat brain after transitory anoxia by MacDonald and Spector (17) .
A diminished level of aldolase activity has been determined in the 60-day-old ovarian grafts (7), whereas the active phosphorylase levels can be decreased after estradiol treatment (5) . In primary ovarian tumors, however, no effect on phosphorylase active levels were observed after estradiol treatment (6) . This observation suggests that in the 60-day-old graft genetic expression is under hormonal control (8) , whereas in the tumor no hormonal regulation is operating at this levell These findings led us to ask about, the importance of this respiratory damage for carcinogenesis of the ovarian tissue and if these findings can be applied to other tissues. After considering the results of this work one is led to think that the cells of the grafted ovary on its way to being converted to a cancer cell fulfills that which was foreseen by Warburg, when he stated that "cancer cells originate from normal body cells in two phases: the first phase is the irreversible injuring of respiration" (26) . It still remains to be investigated whether or not damaged respiration in grafted ovarian cells is irreversible. Fig. 1 . Intrasplenic graft at 60 days. Cystic follicles filled with blood. Graaffian follicle and estromal luteinization. X 50. Fig. 2 . Graaffian follicle with extensive estromal luteinization in a 60-day-old graft. X 50. Fig. 3 . Growing graaffian follicle protruding into a blood-filled cyst. Interstitial cells in active proliferation. Graft 120 days. X 50. Fig. 4 . Variable stage of proliferation into cysts in a 120-day-old graft. X 50. Fig. 5 . Proliferating cells into a large blood-filled cyst. Same as Fig. 4 . X 125. Fig. 6 . Different stages of development in a 180-day-old graft. A distorted and very unusual graaffian follicle. X 50. Fig. 7 . Follicular type of granulosa cell tumor in a 180-day-old ~aft. X 50. Fig. 8 . Follicular type of granulosa cell tumor developed after 365 days of ovarian intrasplenic graft. X 50. Fig. 9 . Mixed cell type in a primary ovarian tumor developed at 365 days of ovarian graft. X 50.
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